Abstract. The open circuit voltage (OCV) of lithium ion battery is a key parameter for hybrid electric vehicle (HEV) to estimate the state-of-charge (SoC). And its instability will lead to big error of SoC estimation and have difficulty in implementing the dynamic control strategy of HEV, especially when the lithium ion battery rests after regenerative braking. According to the theory of electrochemistry, the lithium iron phosphate battery is studied in order to analyze the influence mechanism of lithium ion diffusion on the OCV when it rests after charge. And an OCV model appropriate for the rest period after charge is built by combining experiment with parameter identification method. The result of experiment shows that the OCV model is consistent with the OCV characteristic.
Introduction
The voltage characteristic of lithium ion battery is the precondition to match the vehicle power system and the key factor for both battery management system (BMS) design and SoC estimation [1] . According to the HEV theory, the batteries are in the alternating state of discharge, charge and rest when HEV experiences the process of acceleration, deceleration, and parking [2] . According to the theory of electrochemistry, the battery's voltage becomes unstable under the influence of electrode polarization, and it varies with time when the battery rests after charge, which will lead to big error of SoC estimation and have difficulty in implementing the dynamic control strategy of HEV. In order to solve these problems, an OCV model is established to improve the accuracy of SoC estimation and to ensure the implementation of the dynamic control strategy of HEV [3] .
The Voltage Characteristic Of Lithium Ion Battery
According to the theory of electrochemistry, the positive reaction of the lithium ion battery (hereinafter referred to as LIB) in charge and discharge can be expressed as 
The negative one can also be expressed as
Obviously, it can be seen from Eq.1 and Eq.2 that the LIB can make the transformation between electrical energy and chemical energy through the extraction and insertion of the lithium ion in its positive and negative electrode in the charge and discharge period. Fig. 1 shows the working principle of LIB. When the LIB is being charged, the lithium ions are extracted from the positive electrode, passing through the electrolyte and the separator, and finally inserted into the negative electrode. Meanwhile, the electrons are moved to the positive electrode through the external circuit [4] . Then the voltage between positive electrode and negative electrode varies with time. 
And ( )
Where φ Θ + represents standard oxidation-reduction potential of LiFePO4, φ Θ − represents standard oxidation-reduction potential of carbon, T denotes thermodynamic temperature, R denotes molar gas constant, n represents the electron number, and F denotes faraday constant. According to the theory of electrochemistry, the variation of ( ) x t and ( ) y t are driven by the diffusion of the lithium ion on the surfaces of two electrodes when the LIB rests [5] . Fig. 2 shows the distribution of the ion. Fig. 2(a) reveals the distribution of the ion while the LIB is being charged. Fig. 2(b) displays the distribution of the ion when the LIB rests after charge .While the LIB is being charged, it leads to the decreases of the concentration of the reactant near the surface of the electrode or the increase of the concentration of the product, because the reactant is added slowly to the surface of the electrode or the product is spreading slowly from the surface of the electrode. So there is a concentration difference between the reactant concentration near the surface of the electrode and the concentration of the solution, which makes the potential of electrode deflected from its equilibrium potential [6] . When the LIB is rest after charge, the lithium ion on the surface of the electrode will make diffusion movement owing to the concentration difference, which leads to the decrease of ( ) y t and the increase of ( ) Fig. 2 the distribution of the ion Inferred from the Eq.6， there is phenomenon that OCV will drop when the LIB rests after charge. Fig. 3 shows the curve about electricity and voltage when LIB (10Ah) is being charged and rest. During the rest period, OCV shows a downtrend like section A-B. (10Ah) is charge and rest According to the Fick's law, J symbolizes the diffusion flux, defined as the mass of the lithium ions that pass the unit area perpendicular to the diffusion direction in unit time [7] . And it can be expressed as
Where D denotes diffusion coefficient, C denotes concentration of the lithium ion, l denotes the distance between the surface of electrode and the position with concentration C , C l D D denotes gradient in the direction of diffusion. The change rate of the lithium ion by diffusion cross section in the unit time is set as n t
Where A denotes the area of diffusion cross section, M denotes the molar mass of lithium. n t D D can be regarded as constant in Eq.8. Then 
Where 0 x denotes the initial value of the proportion of lithium ion in the positive electrode after charge, 0 y denotes the initial value of the proportion of lithium ion in the negative electrode after charge. Based on Eq.6 and Eq.10, a OCV model can be expressed as In order to find the parameters of the OCV model under different charge conditions, the method of parameter identification of battery OCV model is proposed based on least square method according to the system identification principle [8] . The value of ( ) OCV U t is measured in different charge conditions to get model parameter groupθ on the basis ofEq.12. 
Experiment and Analysis
In order to verify the characteristic of the voltage when the LIB rests after charge (SoC=1), a lithium iron phosphate battery (10Ah) is regarded as the experimental subject to identify the OCV model. The XINWEI Charge and Discharge Equipment (Equipment type : BTS-5V100A) is adopted as the experimental equipment to conduct the cycle charge and discharge test. Table 1 shows the experiment steps. 
Conclusion
The influence mechanism of lithium ion diffusion on the OCV when the battery rests after charge is analyzed to reveal the relation among OCV and the proportion of lithium ion in the positive electrode x(t) and the proportion of lithium ion in the negative electrode y(t). An OCV model appropriate for the rest period after charge is built by combining experiment with parameter identification method. The result of experiment shows that the OCV model is consistent with the OCV characteristic. And the model is of vital importance to improve the accuracy of SoC estimation.
